The relative cost of indoor residual house-spraying (IRS) versus insecticide-treated bednets (ITNs) forms part of decisions regarding selective malaria prevention. This paper presents a cost comparison of these two approaches as recently implemented by Merlin, a UK emergency relief organization funded through international donor support and working in the highland districts of Gucha and Kisii in Kenya. The financial costs (cash expenditures) and the economic costs (including the opportunity costs of using existing staff and volunteers, and an annualized cost for capital items) were assessed. The financial cost for IRS was US$0.86 per person protected, compared with $4.21 for ITNs (reducing to $3.42 to the provider assuming cost recovery). The economic cost per person protected for IRS was $0.88, compared with $2.34 for ITNs. The costs for ITNs were sensitive to the number of nets sold per community group ('efficiency'), as the delivery costs constituted upwards of 40% of the total cost. However, even marked increases in efficiency of these groups could not reduce the costs of ITNs to that comparable with IRS, except if more than one cycle of IRS was needed. The implications of predicted reductions in the cost of insecticide for both IRS and ITNs are also explored. The provision of itemized cost data allows predictions to be made on changes in the design of these programmes. Under almost all design scenarios, IRS would appear to be a more cost-efficient means of vector control in the Kenyan highlands.
Introduction
Insecticide-treated bednets (ITNs) are being promoted throughout Africa as a fundamental preventative strategy to Roll Back Malaria (Roll Back Malaria 2000) . An alternative strategy, which formed the mainstay of vector control in Africa between 1940 and 1970 , is spraying the interior walls of homes with an insecticide (indoor residual house-spraying, IRS). The comparative efficacy, cost-effectiveness and affordability of these two approaches under varying malaria endemicities will form the basis of effective choices of vector control by Ministries of Health. Cost-coverage ratios for these activities would be expected to vary with the insecticide used and the delivery system employed. Of the three published contemporaneous evaluations of one cycle of IRS compared with a single treatment ITN (the net being dipped in insecticide only once), two suggested IRS was cheaper (Rowland 1999; Goodman et al. 2001 ) and one favoured ITNs (Curtis et al. 1998) . Studies suggest annual costs per person protected of US$1-4 1 for a one-treatment ITN (Kere and Kere 1992; Curtis et al. 1998; Rowland 1999; Goodman et al. 2001) . The cost of one cycle of IRS has been shown to vary from less than US$1 per person protected (Faye et al. 1992; Rowland 1999; Verle et al. 1999) to as much as US$2-3 (Curtis et al. 1998; Goodman et al. 2001) . The necessity to employ more frequent treatments at increased cost will depend on the insecticide used and the local malaria ecology.
IRS was instrumental in breaking malaria transmission in many parts of the globe including Sri Lanka and South America (WHO 1969) . In Africa, IRS has been focused at selected ecological zones such as those experiencing unstable transmission (Sharp and le Sueur 1996) , highlands (de Zulueta et al. 1964 ) and urban areas (Bang et al. 1993) . There is also an increasing interest in the use of IRS for containment of epidemics (Mouchet et al. 1997) . Non-governmental organizations (NGOs) are often requested by governments to assist responses to epidemics. Two recent examples include the 1998 malaria epidemic in Wajir (north-eastern Kenya) (Brown et al. 1998 ) and the malaria epidemic in Burundi in 2000 (Etchegorry et al. 2001) . In May 1999, Medecins sans Frontieres (MSF) and Merlin (Medical Emergency Relief International) also assisted in Nyanza Province, Kenya in response to another malaria outbreak. The worst hit districts were Kisii and Gucha where population density is on average 700 people per km 2 . Increasing population size, changing climate, destruction of woods and forests to make way for agricultural activities and widespread resistance to chloroquine have been argued to have contributed to this dramatic rise in malaria. During the height of the epidemic, Merlin used mobile teams to treat clinical cases of malaria throughout the region and sprayed houses in high-risk foci. In November 1999, Merlin established working relationships with 32 community groups to act as conduits for ITNs and provided them with a total of 15 000 nets. In February 2000, IRS was again initiated, targeting defined priority areas throughout the districts. Both the IRS and ITN activities were focused at preventing a potential epidemic between June and July 2000 following the long rains. The aim of this paper is to present a retrospective cost analysis of the IRS and ITN activities undertaken by Merlin in Gucha district following the 1999 epidemic.
Methods

The target population
Kisii and Gucha Districts are in Nyanza Province of Western Kenya. Both these districts lie within the Western Highland belt, with altitudes ranging between 1400 and 2200 m. The combined populations of Kisii and Gucha total 957 250 (Central Bureau of Statistics and the Ministry of Finance and Planning, 1999 Population and Housing Census). The majority of the population are rural farmers growing both subsistence and cash crops. The main cash crop is tea. The average household land size has decreased over the years with each generation dividing land amongst the sons. The median land size per homestead in the rural areas is 2 acres.
There is a highly structured civil administrative system in Kenya. Each district (under the responsibility of the District Commissioner) is subdivided into divisions (each with a District Officer). Divisions are further divided into locations (administered by Chiefs) and sub-locations (administered by Assistant Chiefs). For the purposes of the national census, a sub-location is separated into enumeration zones that essentially reflect one or two villages. The Ministry of Health (MOH) also follows the civil administrative boundaries, with the District Medical Officer as the senior position within the District. The implementation of preventative measures falls under the District Public Health Officer (DPHO). They are assisted at the district level by the Public Health Officer (PHO) and the Public Health Nurse (PHN). Public Health Technicians (PHTs) are distributed at stations throughout the district, and their responsibilities lie at the peripheral level within the communities.
Merlin's vector control activities in highland Kenya
In June 1999, Merlin launched an emergency response to the malaria epidemic in Nyanza Province (Kenya), treating nearly 46 000 clinical cases with malaria over a period of 3 months and spraying 9700 homes and 27 boarding schools over a period of 2 months. As the epidemic diminished, a second phase of activities was initiated to prevent a similar crisis the following year. An office was established in Kisii housing a team of Merlin staff. These included two senior international positions (Medical Co-ordinator and Project Co-ordinator) and a national staff of two Medical Project Officers, four Team Leaders (senior health workers/nurses) and eight nurses. These were supported by a group of office and domestic staff (see Appendix). Merlin's activities were divided, approximately equally, between ITNs, IRS, a malaria awareness programme and logistical support to the MOH. Only the costs for the ITN and IRS components are considered here.
Insecticide-treated net (ITN) programme
In November 1999, Merlin established working relationships with 32 community groups throughout the districts (14 in Kisii, 18 in Gucha), though one group in Kisii closed down after a few months. These groups consisted of community members who had organized themselves into a registered group. Four types of groups were involved: Bamako Initiative (BI) groups, women's groups, self-help groups and dispensary committees. These categories were set by the registering body: the District Social Services Department. The health activities of these groups are considered to be under the wing of the MOH. The aim of the working relationship between Merlin and these groups was to act as conduits for ITNs and to pass on messages about the prevention of malaria. Potential 'bednet groups' were identified by Merlin in consultation with the MOH and local civil administration. Each group was trained over a 3-day period by Merlin and MOH staff, and provided with nets, K-Othrine 1% SC (deltamethrin; Aventis) and all the materials necessary for net treatment. The insecticide dosage was 20 mg ai/m 2 , implying one litre K-Othrine mixed with 29 litres of water would be sufficient to treat 43 nets (each 11.6 m 2 ).
In December 1999, 15 000 bednets were distributed to the community groups. The bednets were supplied by Polo Industries Limited (Nairobi) at a unit price of Ksh.299. The nets were rectangular (4 ft by 6 ft) and made from white polyester (100 denier). The first quota of 125 nets per group in Gucha (160 in Kisii) were sold at a highly subsidized price of Ksh.50 to a limited number of households with pregnant women and young children identified by local community leaders as being unable to pay the full price. All subsequent nets were sold for Ksh.350, of which Ksh.10 was retained by the group (the balance being returned to Merlin for the purchase of additional nets). The nets were sold pretreated, the treatment being undertaken by the community groups. In June 2000, an additional 20 community groups (10 in Gucha and 10 in Kisii) were trained and supplied with nets. The costs for identification and training of the community groups were based on the resources used in establishing the 10 recent groups in Gucha. The groups were monitored on a regular basis to deal with any problems and to supply additional nets and insecticide.
A recent survey in four areas targeted with IRS in Kisii and Gucha Districts found that 31% of 728 households questioned possessed a bednet. Approximately half (47%) of these were from Merlin trained community groups (and treated with insecticide since December 1999); the other half (53%) were untreated from sources such as shops, markets and the UNICEF BI groups set up in 1994/5.
Indoor residual house-spraying (IRS)
In February 2000, IRS was initiated in the communities defined as 'priority areas' based on a number of criteria: close to swamps, had brick-making activities, a history of high malaria morbidity and mortality, and remote from health care facilities. These priority areas were defined in consultation with the MOH. Merlin and senior MOH staff were trained in IRS by a Zeneca Ltd representative, who also covered the costs for the training exercise. These staff then organized training sessions within the districts to train the PHTs at the peripheral level. In each district there were two spraying teams (A and B) each consisting of three Merlin staff, four MOH staff and a driver. Each of these teams covered a different part of the district. On reaching a village the team sub-divided further into two, to cover the target community. Homesteads were sprayed with Icon 10% WP (lambdacyhalothrin, 100g/kg ai; Zeneca). One sachet of Icon (62.5 g) was mixed with 10 litres of water in a backpack sprayer and applied at a dosage of 25-30 mg ai/m 2 . Mobilization of the community involved the local PHT and the Chief or Assistant Chief of the area. They informed on the spraying activities and the requirements of the community to prepare and assist the spraying. The community was asked to assist by providing water for the spraying, additional spraying pumps and volunteers to supplement the spraying team. The spraying of walls requires a flat fan nozzle. Most backpack spray pumps in the communities are used for spraying vegetables using a conical nozzle. The mobile team carried spare flat fan nozzles to be used with the community pumps.
The spraying teams kept a daily record of their activities. The records for Gucha were used to determine the number of volunteers, the number of rooms sprayed and the number of Icon sachets consumed during the spraying. The spraying in Gucha started on 7 February and finished on 26 May 2000. Due to problems with the supply of Icon, there were some periods when no spraying took place (between 28 March-7 April and 20-28 April). On some of these days the spray teams sprayed schools with Permethrin or focused on health education activities. Only the resources used for spraying the communities with Icon are evaluated here.
Cost analysis
A retrospective cost analysis of the vector control activities for a 1-year period was undertaken in consultation with the Merlin team. A financial analysis (cash expenditures) was undertaken from the providers' perspective, both with and without costs recovered from the sale of nets. The average cost per net recovered was estimated at Ksh.249.38 (from the sale of 125 nets at Ksh.50 and 275 nets at Ksh.340, with Ksh.10 from these nets being retained by the group). This assumes that all payments made were recovered from the groups. The financial analysis includes the cost of the Merlin staff assigned to the office in Kisii, but excludes costs for the office in Nairobi. An economic analysis was also undertaken from a societal perspective that annualized the cost of training (over 2 years), nets (over 5 years), spraying pumps (over 8 years) and megaphones (over 10 years), assuming a discount rate of 3% (Gold et al. 1996) . The economic costs also included the opportunity costs of using existing MOH staff, Government Civil Administration staff and members of the community, and the Merlin truck to transport material from Nairobi to Kisii. The opportunity costs for using existing personnel were assessed as daily gross salaries (MOH and Administration) or the average daily income for casual labour in the rural areas (community members). The opportunity cost of using existing pumps (MOH or community) was not assessed.
The costs are estimated for the first year of the programme only and presented in Kenyan Shillings (Ksh.). Conversion to US$ was made using the average monthly exchange rate for the year 2000 (78.3237, Standard Bank, Nairobi). Details on the resources employed, their unit costs and quantities consumed for ITNs and IRS are detailed in the Appendix.
The cost per person protected
The cost per person protected for ITNs is calculated from the cost per treated net sold (cost, insurance and freight (CIF) to Kisii) and the number of people sleeping under a net. The cost per treated net sold is estimated from the CIF cost of the net and the amount of insecticide per net, and the annual cost of the community group selling bednets divided by the number of nets sold per group. For the purposes of this analysis, it is assumed that two people are protected per net. In a community-based survey of 72 homesteads that had paid Ksh.350 for a Merlin bednet, the median number of people sleeping under a net was two (lower and upper quartiles of two and three). The number of nets sold by each community group is assumed to be 400. This is based on a survey of five community groups in Gucha who had sold an average 155 nets at Ksh.350 over a period of 6 months since December 1999. Assuming that sales will be lower in the second part of the year, when mosquitoes are less prevalent, a total net sale of 400 for the year is assumed (125 nets at Ksh.50 and 275 nets at Ksh.350). This is also consistent with the 15 000 nets distributed across the 32 groups (about 469 nets per group). The quantity of insecticide bottles required per group is rounded up to the nearest unit. Based on 400 nets per group, 10 bottles of insecticide would be needed (essentially allowing 9.3% for wastage).
The cost per person protected for IRS is calculated from the cost per sprayed room and the number of people per room in a homestead. The cost per sprayed room was calculated from the cost of IRS in Gucha (including the CIF cost of Icon) divided by the number of rooms sprayed. A total of 10 036 packets of Icon were used and 97 967 rooms sprayed. All rooms in the homestead were targeted for spraying; this included kitchens if they were used for sleeping. A community-based survey of 200 homesteads that received IRS recorded that 1752 people had been protected (slept in a sprayed room) and 1788 rooms in total had been sprayed (including 793 sleeping rooms). For the purposes of this analysis it is assumed that there is one person per sprayed room in the homestead.
Sensitivity analysis was performed with respect to the number of nets sold per community group, and the price of insecticide for both net treatment and spraying. A comparison is also made with two cycles of IRS, with the costs for the second cycle being implementation and Icon only. Table 1 summarizes the cost profile and the cost-coverage ratios for IRS and ITNs. The financial cost per person protected in the first year of operation was $0.86 for one cycle of IRS and $4.21 for an ITN, indicating that the ITN project was five times more expensive than IRS per person protected. If it is assumed that all payments made to the community groups for ITNs were recovered by Merlin, the financial cost to the provider is reduced to $3.42, still four times higher than IRS.
Results
Financial and economic cost per person protected
In the financial analysis the total cash outlay for the net is assigned to the first year. In the economic analysis, the cost of all capital items (nets, pumps, megaphones) and the training are distributed over the life expectancy of each resource. The economic costs also include any opportunity costs for existing resources, such as personnel. The economic cost per person protected for ITNs in the first year is estimated at $2.34 (Table 1 ). The economic cost for IRS remains similar to the financial cost at $0.88 per person protected. The opportunity costs of using the time of existing staff and community volunteers constituted less than 5% of the total economic costs for both ITNs and IRS.
The cost per person protected with an ITN is highly sensitive to the number of nets sold by the community groups, as the delivery costs constituted upwards of 40% of the total cost in the base case. In the base case it was assumed that 400 nets were sold per community group. Efficiency of the groups is expected to have been higher if ITNs, like IRS, were provided free of charge. Increasing the number of nets sold per group can decrease the delivery cost per net, but in order to compete with the economic cost of one cycle of IRS, each community group would need to sell more than 25 000 nets in one year. This would more than saturate the total population of Kisii and Gucha. The only way that ITNs could be cheaper than IRS at a reasonable level of efficiency is if two cycles of IRS were needed. In this scenario, if more than 710 nets per community group were sold each year, then ITNs would out-compete IRS in terms of the economic cost per person protected.
Given the delivery systems employed by Merlin in Gucha and current prices of the resources, it is clear that a single cycle of IRS will always be cheaper than ITNs in terms of cash expenditures and economic costs, even given the generous 5-year life expectancy of nets. Only if two cycles of IRS are employed each year and the efficiency of the community groups increased could ITNs ever compete with IRS in terms of economic cost.
Reductions in insecticide price
The relative cost of IRS and ITNs will be sensitive to the price of the insecticide. Figure 1 summarizes the relationships between the economic cost-coverage ratio (cost per person protected) and a reduction in the unit price of insecticide for ITNs and IRS. It is clear that IRS is more sensitive to a reduction in the price of insecticide than ITNs, particularly if two cycles of spraying are required. This is very simply a reflection of the proportion of the total costs attributed to insecticide. If the community groups are selling 800 nets per year at current insecticide prices this is cheaper than two cycles of IRS. However, since the insecticide constitutes 76% of IRS costs compared with only 27% of the ITN costs, a reduction of more than 15% in the price of insecticide can turn this situation around. It is unlikely that the costs for both insecticides will reduce by a similar proportion. Information from a local supplier suggests it is possible that Icon could become available to a government programme (cost price) for as little as Ksh.330 per sachet, a reduction of one-third. At this price, the economic cost per person protected for IRS reduces by $0.22 to $0.65. If the insecticide used for net treatment is changed to Icon CS (a one litre bottle treating 166 nets at a cost of $85), the economic cost per person protected for ITN reduces to $2.21 (a unit cost saving of $0.13 assuming 400 nets per group). The ITN programme could only compete with IRS given these insecticide costs if two cycles of IRS were needed and at least 1025 nets sold per community group. The delivery systems for nets and spraying are very different. The ITN project builds up a sustainable activity, whereas the IRS activities are essentially vertical. However, ignoring all the delivery costs and focusing only on nets and insecticide, the cost of Icon per person protected for spraying ($0.43) is still cheaper than the cost of the treated net ($0.76) given the reduced insecticide prices above.
Discussion
In areas at low risk of malaria infection such as South Africa and the highlands of East Africa, IRS has proved to be a highly effective protective measure against this parasite (de Zulueta et al. 1964; Roberts 1964; Curtis 1999) . The spraying activities in Gucha in 2000 demonstrated that this activity can reduce the risk of malaria infection by 75%, a higher protective efficacy than ITNs (63%) (Guyatt et al. 2002) . It has also been shown that working together with the District Health Management Team and the communities, it is possible for an NGO to support the implementation of spraying activities within a district. In Gucha that year it was estimated that 21% of the population were protected by the spraying activities targeted at 'priority areas'.
The purpose here has been to present the relative costs of one cycle of IRS per person protected compared with an ITN as delivered by Merlin as part of an emergency response in Gucha district in 2000. It does not reflect the cheapest option for delivery of nets or spraying, nor does it include the external costs necessary to support an NGO such as Merlin. The total amount of funds secured by Merlin in 1999-2000 for their activities in Gucha and Kisii was $1 075 000. Assuming a quarter of this was assigned to the ITN project, the cost for the 15 000 nets supplied in December 1999, incorporating these external costs, would be close to $30 per net. This is not dissimilar to the cost per net of other donor-supported ITN projects in Kenya ($45 per AMREF employer based net and $29 per CDC research project net) (Snow et al. 2001 ).
Analysis of the actual resources employed in the vector control activities of Merlin in Gucha suggests that IRS is cheaper than ITNs in this setting. One spraying cycle using Icon could protect one person for an economic cost of $0.88, compared with $2.34 for an ITN. The costs for ITNs were highly sensitive to the number of nets sold per community group, since nearly half the total costs were attributed to delivery. However, even marked increases in the efficiency of these groups, which may be expected if ITNs were provided free-of-charge, could not reduce the costs of ITNs to that comparable with IRS, except if more than one cycle of IRS was needed. One cycle of IRS is probably sufficient in areas such as Kisii and Gucha where malaria is highly seasonal. Costs could be reduced further, particularly if savings in items constituting a significant proportion of the total costs could be made. One example is the price of the insecticide, for which there is a large potential for price reductions, particularly if duties and taxes on this commodity can be waived.
There are several issues that may militate against IRS. The first is malaria ecology. Most of the success stories of IRS have been undertaken in areas of low transmission; it is accepted that interruption of transmission is harder to achieve under conditions of intense perennial transmission. However, the evidence from controlled trials of spraying suggests that it could also provide some degree of protection in areas of higher transmission (Curtis and Mnzava 2000) .
The second issue commonly quoted as a hindering factor in the success of IRS is compliance. There have been reports 148 HL Guyatt et al. from Namibia of householders refusing to allow spray teams into their homes (Hill et al. 1996) , and in Zimbabwe 21% of villagers refused to have some rooms in their homes sprayed (Vundule and Mharakurwa 1996) . The problem of replastering and painting over walls has also been raised (Dowling 1951; Mnzava et al. 1998) , though the use of non-staining pyrethroids has reduced this practice somewhat (Goodman et al. 2001) . Spraying houses with insecticide was a new concept for the communities in Gucha and Kisii, and although at first people were reluctant to have their houses sprayed, as soon as the immediate effects on insects in the home were observed, people were eager to comply. A follow-up community-based survey in sprayed homesteads also indicated that people would be willing to pay for this activity (Guyatt et al. 2002) . However, since pyrethroids are the only insecticide currently used for bednet treatment, the benefits of IRS need to be weighed against the possibility of fostering resistance to these highly effective insecticides by such widespread and regular use.
Finally, concerns have also been raised over the high cost of IRS (Curtis 1999) . This study in Gucha and Kisii illustrates that IRS can be undertaken at low cost. The amount of money needed to finance spraying activities could be as low as $0.64 per person protected. The National Malaria Strategy document for Kenya specifies that districts prone to epidemics should be encouraged to provide indoor residual spraying (DOMC 2001) . Given that IRS is an effective and potentially affordable means of malaria vector control, its use in other areas with highly seasonal malaria deserves to be explored.
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Appendix: resources, unit costs and quantities
The resources required for ITNs and IRS and their unit cost are summarized in Table A1 under activity headings. The resources employed and the quantities consumed are summarized below under the different cost centres.
Personnel:
The personnel involved in the vector control activities were Merlin staff, MOH staff, Government Civil Administrative staff (Chiefs and Assistant Chiefs) and members of the community. The Merlin staff included international senior positions (Medical Co-ordinator, Project Co-ordinator), local field staff [medical project officers, MPOs (one per district), team leaders (two per district), nurses (four per district)], and office and support staff [administrator, office assistant, mechanic, guards (three), cleaners (two) and a cook]. A part-time position of assistant project officer for the ITN programme was also created. The relevant MOH staff within a district included the District Public Health Officer (DPHO), the Public Health Officer (PHO), the Public Health Nurse (PHN) and Public Health Technicians (PHTs). Lunch allowances at Ksh.200 were paid to all local MOH staff involved in meetings or going to the field. MOH staff travelling from outside their area received a transport allowance (at Ksh.250) instead. A lunch allowance of Ksh.200 was also paid to all local Merlin staff going to the field, except drivers. Allowances were also paid to Chiefs who participated in the vector control activities, and the community members participating in the bednet training.
Transport: The 4WD vehicles used by Merlin were rented at Ksh.4500 per day. A driver was employed for each vehicle. Apart from the trips made from Kisii to Ogembo (38 km round trip) it is not possible to estimate the exact number of kilometres travelled per day for each of the activities. Therefore for any fieldwork an average daily distance is assumed (110 km), estimated from the log-book summaries. These were also used to estimate an average cost for fuel and maintenance per kilometre (Ksh.15) CIF prices for nets and insecticide: The bednets were supplied by Polo Industries Limited (Nairobi) at a unit price of Ksh.299. K-Othrine Moustiquaire (manufactured by Aventis, South Africa) was supplied by Spartan Trading Company (Nairobi) in 1 l containers at a unit cost of Ksh.2800. Icon 10% WP was supplied through Zeneca (Nairobi) at a cost of Ksh.500 per sachet. All these prices were CIF to Nairobi. The transport cost to Kisii town was estimated using the Merlin truck. In the financial analysis no costs were associated with the purchase of the truck, but in the economic analysis the daily value was assessed based on a purchase price of Ksh.1 100 000 and a life expectancy of 5 years. A round-trip required 2 days time for the driver, an overnight per diem for the driver and an accompanying person (Ksh.500), 140 litres of diesel (at Ksh.46.9 per litre) and Ksh.190 for oil. One trip can deliver 3000 bednets or 450 litres of K-Othrine or 105 barrels of Icon (148 sachets per barrel).
Project running costs
The costs involved in running the project office included salaries for local and international staff, international staff per diems, building rental and utilities (telephone, water and electricity). In this analysis, one quarter of the project cost was attributed to ITNs, assuming 32 community bednet groups this translates into 0.781% of the project cost per group. Another quarter was attributed to IRS, equivalent to 12.5% of the project cost being attributed for Gucha distict. The remaining 50% of the project costs are allocated to a malaria awareness programme and support to the MOH. The costs for running the project at the headquarters in Nairobi were not assessed.
Annual cost per bednet group
There were three main activities in establishing the community groups: identification, training and monitoring. The annual cost for this process was based on the recent calculations for the 10 additional groups established in June 2000 in Gucha.
Identification of the groups: Two half-day meetings were held between Merlin staff (MPO, team leader) and MOH staff (DPHO, PHO) at Ogembo to identify potential community groups. The costs for salaries and the vehicle are attributed as 1/10 of a day per group (no lunch allowances were given). Each prospective group is visited by a team consisting of Merlin staff (MPO, nurse) and MOH staff (PHT). The Chief of the Location also participated in this activity. During one day the team may visit up to three groups, but only one is chosen. The costs for salaries, lunch allowances and the vehicle are attributed as 1 day per group. A follow-up visit by the same personnel to each group chosen is made. The costs are allocated as half a day per group, except for the lunch allowance paid to the chief which is assigned as one per group.
Training: A mobilization visit is made to each chosen community group by Merlin staff (team leader, nurse) and the Chief. The costs are allocated as half a day per group, except for the lunch allowance paid to the chief which is assigned as one per group. Each group consisting of 30 community members are then trained over a 3-day period by a team consisting of Merlin staff (MPO, team leader, nurse) and MOH staff (PHO, PHT). The ITN assistant project officer (Merlin) and the Chief also participate for 1 day, and the DPHO attends for half a day. Lunch allowances are paid per day to the community group members, the Chief, Merlin staff and all MOH staff, except the DPHO who received a fixed fee for attending. Consumables used in the training include 30 exercise books, one box of biros, one ream of newsprint, one box of permanent markers, a roll of masking tape and four plastic folders. Each group receives a start-up kit of two cash and stock books, one receipt book, a stamp and pad, 20 metres of sheeting, 10 pairs of gloves, two basins, a measuring jug and some rope.
Monitoring: Three visits per group are required for monitoring by Merlin staff (ITN assistant project officer, nurse) and a local PHT.
Annual cost for IRS activities in Gucha
There were three main activities in undertaking the IRS programme: identification of the priority sites, training and implementation. The annual cost for this process is based on the activities in Gucha.
Identification of priority sites: Two 1-day meetings were held in Ogembo between Merlin staff (two team leaders, two nurses, MPO) and MOH staff [DPHO, PHO, PHN and seven PHTs (a representative from each division)] to identify the priority areas for spraying. Lunch allowances were paid to resident MOH and Merlin staff, and a transport allowance paid to the six PHTs from the other divisions.
Training: Two levels of training were undertaken: (1) the training of trainers, and (2) the training of the sprayers. The training of trainers [17 Merlin staff and six MOH staff (the DPHO, a PHO and a PHT from each district)] was undertaken by a representative from Zeneca (Nairobi). The Merlin staff included two MPOs, four team leaders, four nurses, the administrator, the mechanic and the ITN assistant project officer. The training was held at the Merlin offices, and most expenses were covered by Zeneca. These expenses included printed hand-outs (10 pages), a Ksh.500 allowance for the six MOH personnel and sodas for all 24 participants. These costs are included in this analysis, but the opportunity cost of the Zeneca staff member is not. Merlin provided newsprint (one ream), permanent markers (one box) and masking tape (one roll). The opportunity costs for personnel salaries (Merlin and MOH) are assessed, half the costs being attributed to Gucha. The second level of training was undertaken by Merlin staff (MPO, two team leaders and two nurses) and two senior MOH staff (DPHO, PHO). The training of the PHTs took place in Ogembo in a hired room. Two teams (one per day) were trained over the 2-day period. Forty MOH staff in total were trained (14 receiving lunch allowance and 26 receiving transport allowance). The Merlin and senior MOH staff doing the training received a lunch allowance of Ksh.200 per day. Consumables used in the training include 40 exercise books, one box of biros, one ream of newsprint, one box of permanent markers, a roll of masking tape and four plastic folders.
Implementation: There were two spraying teams in Gucha (A and B). Each team consisted of three Merlin staff (team leader, two nurses) and generally four MOH staff [DPHO (Team B) or PHO (Team A)] from Ogembo, divisional PHT, PHT in charge of the area and another PHT for mobilization for the next day). Each team has its own vehicle and driver. The Chief for the area also joined the spraying team for the day. Lunch allowances were given to the Chief, Merlin staff and MOH staff. The teams in Gucha were supervised by the MPO and it is assumed that she spent 75% of her time supervising this activity while the spraying was going on. Five Hardi backpacks were available for each team (three from the MOH and seven purchased by Merlin). The backpacks only came with one flat fan nozzle suitable for spraying walls. An additional 50 flat fan nozzles were purchased for use in Gucha. Washable dust masks were purchased by Merlin for spraying (25 for each district), though the teams stopped using these after a few weeks. No other form of protective clothing was purchased for the teams. One megaphone was available per team for mobilization and health education. These were battery-operated and each used four sets of 6 C batteries over the spraying period (total of 48 batteries). Other consumables included tally sheets and report forms (six sheets per team per day) and half a bar of soap for all volunteers. In Gucha, Team A worked for a total of 57 days and Team B for a total of 58 days. During the middle of the spraying period, Teams A and B split into a third team to try and catch up on the spraying that had been delayed. The only additional cost of this was to increase the cost of the tally sheets and report forms (six sheets for 28 days). During the spraying 840 volunteers participated for 1 day. Per item 1 100 000 X a In the economic analysis costs are annualized over their useful life assuming a 3% discount rate.
b Not included in the financial analysis.
